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On Asperarca Sacco, 1898 (Bivalvia, Arcidae)
and two new Mediterranean species

Rafael La Perna
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ABSTRACT

RIASSUNTO

The disregarded genus Asperarca Sacco, 1898 is evaluated. Three species occur in the Mediterranean, i.e. A. nodnlosa Miiller, 1776 (originally desi-
gnated as type-species) and two new species, A. secreta and A. magdalenae. Both A. secreta and A. magdalenae are small-sized, the latter being even
miniaturized. A lecithotrophic larval development is inferred for A. nodnlosa, and an 1ntracapsular or brooded one for A. secrera and A. magdalenae.
Asperarca has a shelf to bathyal distribution and markedly sciaphilous habits. The hypothesis of a late Tertiary radiation of Asperarcz, as a temperate
or cold-temperate lineage from Acar, is proposed.

Viene rivalutato il genere Asperarca Sacco, 1898, attraverso la descrizione di due nuove specie mediterranee, Asperarca secreta e Asperarca magdalenae.
Specie tipo per designazione originale ¢ Arca nodwulosa Miiller, 1776. A. secreta ¢ molto simile ad A. nodwlosa, e se ne distingue soprattutto per le
minori dimensioni, per la scultura piu lamellosa ¢ per dimensioni, morfologia ¢ scultura della prodissoconca. Essa ¢ nota per due stazioni della piat-
taforma profonda del Mediterraneo centrale (Calvi, Isola di Ponza). A. magdalenae ¢ una specie miniaturizzata (lunghezza massima 3 mm), e la sua
prodissoconca & molto simile a quella di A. secreta. E' nota per una grotea oscura della Sicilia sud-orientale a 20 m di profondita, e per due siti plei-
stocenici a faune superficiali della Sicilia (Capo Milazzo, Grammichele). Lo sviluppo larvale di A. nodulosa viene ritenuto di tipo lecitotrofico, e quel-
lo di A. secreta ¢ A. magdalenae di tipo intracapsulare od incubato. Asperarca ha nel complesso una distribuzione neritico-batiale in acque temperato-
fredde, ed un adattamento marcatamente sciafilo. Viene proposta l'ipotesi che Asperarca rappresenti un ramo filetico temperato o temperato-freddo,
evolutosi dal Acar durante il tardo Terziario.

R. LA PERNA Istituto Policattedra di Oceanologia e Palececologia, Universita di Catania - Corso Italia 55, 1-95129 Catania.

INTRODUCTION

Avrca nodulosa Muller 1776 (synonyms Arca scabra Poli,
1795, Arca aspera Philippi, 1844), a common Northeast
Atlantic and Mediterranean arcid, has been generally refer-
red to Barbatia Gray 1842 or to Acar Gray 1857, the lacter
often regarded as a subgenus of Barbatia. According to the
modern systematic views, neither Acar nor Barbatia offer a
suitable allocation for this species, which has been recently
referred (OLIVER & ALLEN 1980, OLIVER & VON COSEL
1992a) to Bentharca Verrill & Bush 1898 (type-species Arca
asperula Dall 1881). Arca nodulosa is indeed close to
Bentharca asperula in shell morphology and anatomy (OLI-
VER & ALLEN 1980). Notwithstanding this, Arca nodulosa
together with a few poorly-known Miocene species and two
small mediterranean species herein described, point to a
distinct group, to which the genus name Asperarca Sacco
1898 should be applied. Asperarca has been disregarded in
the past literature on arcids, and NEWELL (1969) synonymi-
zed it with Barbatia. The systematic and distributional
relations of Asperarca to other arcid genera are discussed in
the present paper.

Systematics
Family Arcidae Lamarck 1818
Subfamily Arcinae Lamarck 1818

Genus Asperarca Sacco 1898
Type-species: Arca noditlosa Miller 1776, OD Sacco 1898: 10.

Description

Shell equivalve, small, moderately convex. Valve outline subrec-
tangular to subtrapezoidal. Umbo anterior, prosogyrate. Poste-
rior keel well-defined. Sculpture of slightly imbricated concen-
tric lamellae, made crenulate or nodulose by radial riblets, and
tending to become raised or projecting on the keel. Dorsal area
narrow, expanding with age. Edentulous gap interrupring the
tooth series into a shorter anterior set and a longer posterior
one. Teeth oblique, in particular the posterior ones. Adductor
scars slightly raised. Byssal sinus faint to moderate. Ligament
opisthodetic. Periostracum weakly developed.

Remarks
SACCO (1898) reported Acar cf. nodulosa (Miiller) from the Pied-
mont Miocene (“Elvezian”), describing che “varieties”
subanodosa, perelliptica, carinatula and subelliptica. Two distinct
species can be apparently recognized in “Acar nodulosa”™ and its
varieties, the former (pl. 11, figs. 19-22) appearing similar to
recent specimens of Asperarca nodulosa but markedly larger (up
to 32 mm in length), and the latter (pl. II, figs. 23-28) recalling
the presently described Asperarca secreta, but larger (12-13 mm)
and more heavily sculptured. From the same area SACCO also
reported Acar aspera (Philippt) var. strictula Sacco from the Pia-
cenzian and Acar asperella (Michelotti) from the Tortonian, ten-
tatively regarding aspera as distinct from nodulosa, and asperella
as a large Tortonian form of aspera. A “topotypic” valve of Arca
aspera Philippi from the “Pliocene” of Calabria is also reported.
All the illustrated material proves to be in Turin (Museo
Regionale di Scienze Naturali) (PAVIA pers. comm.) and a revi-
sion will be performed.
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PLATE 1

Fig. 1, 2. Asperarca secreta n. sp., holotype, 3.9 mm. Baie de Calvi, 155 m.; Fig.3, 4. Asperarca secreta., 2.1 mm.

Isola di Ponza, 84 m.; Fig. 5. Asperarca secyeta, paratype, 3.5 mm.; Fig. 6. Asperarca secreta, 3.2 mm. Isola di Pon-
za.; Fig. 7, 8. Asperarca magdalenae n. sp., h.olotypc, 2.5 mm. Gymansium Cave, Penisola della Maddalena (Syra-
cuse, SE Sicily), 20 m.; Fig. 9-13. Asperarca magdalenae, paratypes, (9, 10) 2.4 mm, (11) 2.4 mm, (12) 2.3 mm,
(13) 3.0 mm.; Fig. 14. Asperarca magdalenae, 2.8 mm. Capo Milazzo (NE Sicily), Late Pleistocene.; Fig. 15. Aspe-
varca magdalenae, 2.5 mm. Catallarga (Grammichele, SE Sicily), Early Pleistocene.; Size as antero-posterior

length.
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SAcco remarked a certain closeness of Arca nodulosa to Acar
rather than to Barbatia, proposing it as type of a species-group
deserving a distinct name, i.e. Asperarca. SACCO hesitated in
applying this name, as he also noted a closeness to “Arca profun-
dicola Verrill” (=Bentharca asperula), then referred to Bathyarca
by DAUTZENBERG & FISCHER (1897).

Taxonomy

Bentharca aspernla is the only well-known Bentharca species. OLI-
VER & ALLEN (1980) briefly cited Bentharca xenophoricola (Kuro-
da 1930). It is a Pliocene to Recent Japanese species (see NODA
1988: 116, pl. 1, figs. 13-15) showing more similarity to Aspe-
rarca than to Bentharca.

Bentharca is markedly trapezoidal in shape, with a well-deve-
loped posterior part, whereas Asperarca is more rectangular or
weakly trapezoidal. Some large valves of A. nodulosa are strongly
expanded posteriorly, but this seems a gerontic feature and/or to
be related to the nestling habit. In both genera, a lamellar
sculpture occurs, but it is stronger and more heavily decussate
in Asperarca, whose lamellae become nodulose and somewhat
raised, in particular on the keel. Asperarca is much more keeled
than Bentharca, and its adductor scars are raised or ridged, being
instead ill-defined in Bentharca. The expanding dorsal area and
the opisthodetic ligament are shared by Bentharca and Asperarca.
The hinge of Asperarca is similar to that of Beutharca.

Some shell features shared by Asperarca and Acar deserve to
be noted, 1.e. the subrectangular shape, the lamellar and projec-
ting sculpture, the raised adductor scars and the well-defined
keel. Acar has a markedly foliate juvenile sculprure, becoming
strongly vesicular or tile-like with growth, and contrasting with
the much weaker sculprure of Asperarca. It should be noted that
oblique posterior teeth and edentulous gap also occur in juveni-
le valves of Acar and Barbatia, the gap becoming lost in fully
grown valves. Barbatia is characterized by a more equilateral
and weakly keeled shell, lacking any lamellar sculpture and
with somewhat serrate and almost vertical teeth in adult valves.

Asperarca secreta n. sp.
Pl 1, Figs. 1-6; Pl. 2, Figs. 5-10; P1. 3, Figs. 3, 4

Type material
Holotype: a right valve. Paratypes: over 970 loose valves.
Paleontological Museum of Catania University (I.P.O.P.).

Type locality
Baie de Calvi (Corsica), 42°36’00"N/8°39°07"E, 155 m.

Material examined
The type material and 12 loose valves from Isola di Ponza (Cen-
tral-Eastern Tyrrhenian), 40°52’14"N/12°55’51"E, 84 m.

Description

Shell small, moderately thick. Outline subrectangular to sligh-
tly trapezoidal. Dorsal margin long, straight. Ventral margin
gently sloping to almost straight, faintly sinuosus. Anterior
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margin curving into the ventral one. Posterior margin gently
sloping, generally frilled. Postero-ventral junction subacute to
rounded. Umbo anterior, prosogyrate. Posterior keel well-defi-
ned. Concentric scultpure of slightly imbricated lamellae,
becoming shortly projecting on the keel, and radially nodulose
on the postero-dorsal area. Radial riblets making the lamellae
crenulate to nodulose. Hinge-plate moderately thin, with a
wide endentulous gap. Three short anterior and six oblique
posterior teeth in the holotype. Dorsal area narrow, becoming
wider in gerontic specimens. Adductor scars unequal, faintly
ridged, the posterior slightly larger than the anterior one. Bys-
sus retractor scar elongate, almost as long as the posterior tooth
row. Prodissoconch D-shaped, 270-320 pm in length, 220-240
pm in heigth, pitted at optical magnification and foveolate at
SEM.

Colour cream with darker radial bands, to evenly light brown.
Holotype 3.7 mm in length, 2.2 mm 1n height, 0.8 mm in
tumidity. Maximum shell length 3.9 mm.

Etymology

From the Latin secrerus (=secret, hidden), this species having
been overlooked probably because of its similarity to small spe-
cimens of A. nodilosa.

Remarks
A. secrera might be misidentified as small specimens of A. nodu-
losa. The latter 1s larger (up to ca. 15 mm in length) and when
of the same size, the former differs in being more convex, more
rectangular, more acutely keeled and with a larger umbo. In A.
secreta the edentulous gap is wider, the posterior teech fewer, the
sculpture more lamellar and less decussate than in A. nodulosa.

The keel sculpture is only weakly raised in A. nodulosa, whe-
reas 1t is projecting in A. secreta.. The prodissoconch of A. secreta
is D-shaped and matt, being smaller, roundish and polished in
A. nodulosa. Small valves of Barbatia barbata (Linné 1758) are
quite distinct, being flatrer, almost unkeeled, finely decussate
and lacking any raising sculpture.

Variability mainly involves the valve outline (more or less
trapezoidal) and the keel sculpture (flured to slighely foliate or
vesicular). Shell deformations are frequent.

Distribution

Recent, Central Mediterranean.

Asperarca magdalenae n. sp.
PL 1, Figs. 7-15; PL. 3, Figs. 1, 2;

Type material
Holotype: a right valve. Paratypes: over 800 valves. Paleontolo-
gical Museum of Catania University (I.P.O.P.).

Type locality
Penisola della Maddalena (Syracuse, southeast Sicily), inside the
Gymnasium Cave, 37°00'20"N/15°18'S80"E, 20 m.
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PLATE 2

Fig. 1-4. Asperarca nodulosa (Miiller), (1) 9.3 mm, (2) 9.1 mm, (3) 3.8 mm, (4) 4.3 mm. Baie de Calvi, 155 m.; Fig. 5-8. Asperarca secre-

ta, paratypes, (5) 4.7 mm, (6, 7) 4.0 mm, (8) 5.4 mm.; Fig. 9, 10. Asperarca secreta, 3.7 mm. Isola di Ponza.; Size as antero-posterior
length.
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Material examined

The type material, coming from a bottom sample and consi-
sting of empty shells (mostly as loose valves). One left valve
from Catallarga (Grammichele, southeast Sicily; Early Pleistoce-
ne). Two right valves and a left one from Capo Milazzo (Messi-
na, northeast Sicily; Late Pleistocene).

Description
Shell markedly small, thin, semitransparent, somewhat shining
and convex. Outline subrectangular to slightly trapezoidal.
Dorsal margin long, straight. Ventral margin gently sloping,
slightly convex to almost straight, sometimes faintly sinuosus.

Posterior margin straight, sloping, slightly frilled, subacu-
tely joining the ventral one. Anterior margin curving into the
ventral one. Umbo markedly anterior, prosogyrate. Keel
somewhat acute. Dotsal area narrow, becoming wider in geron-
tic specimens. Concentric scultpure of sligthtly imbricated
lamellae, becoming shortly projecting on the keel and weakly
nodutose on the postero-dorsal area. Thin radial wide-spaced
riblets, slightly crenulating the lamellae. Hinge-plate thin,
with a wide endentulous gap. Three short anterior and five
elongate oblique posterior teeth in the holotype. Byssal gape
very narrow. Adductor scars unequal, faintly ridged, the poste-
rior larger than the anterior one. Byssus retractor scar elongate,
almost as long as the posterior tooth row. Prodissoconch D-sha-
ped, 270-330 pm in length, 200-230 pm in heigth, pitted at
optical magnification, foveolate at SEM. Colour withish to
cream, often radially caramel tinged.

Holotype 2.5 mm in length, 1.3 mm in height, 0.6 mm in
tumidity. Maximum shell length 3.0 mm.

Etymology

From the latinized name of the type-tocatity Perunsuta, Magdalen.

Remarks

A. magdalenae can be easily misidentified as a very young arcid
stage but, except for A. secreta, none of the Mediterranean spe-
cies has a young stage resembling it, neither in shell morpho-
logy, nor in prodissoconch shape, size and sculpture.

The present species can be distinguished from A. secrera in
being smaller, thinner (semitransparent), more convex, more
acutely keeled and weakly scuptured.

Variability mainly involves the outline (more or less trape-
zoidal). The keel sculpture may be fluted to shightly foliate or
vesicular.

Distribution

Pleistocene to Recent, Sicily.

Ecology and distribution

A. nodiulvsa ranges from subarctic to mid Norcheast Actantic
latitudes, undergoing a southward immersion from shelt (10-20
m) to 3,000 m (OLIVER & ALLEN 1980, OLIVER & VON COSEL
1992a). In the Meditertanean, it has a deep-shelf (from ca. 100
m) to bathyal distribution. It is also very common in the Plei-
stocene bathyal deposits of Southern Iraly, from which it has
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been reported as Acar or Barbatia scabra (DI GERONIMO 1979,
LA PERNA 1994, BARRIER ¢f a/. 1996).

A. secreta 1s a deep-shelf species, probably spreading into
upper bathyal depths. Both it and A. nodnlvsa occurred abun-
dantly in the Calvi station (155 m), from coarse-grained bot-
toms colonized by Gryphus vitrens communities (DI GERONIMO
et al. 1977, FALCONETTI 1980). Few valves of A. secreta were
found in the Ponza station (84 m), characterized by an abundant
coarse biogenic fraction (coralline algae and bryozoans).

Judging from its abundance as empty shells in the bottom
sample, A. magdalenae 1s the most abundant mollusc species in
the Gymnasium Cave. It is a carstic cave, ca. 60 m long and
blindly ending (morphology and topography reported by Lro-
NARDI 1994). In the sampled site, ca. 40 m from the opening,
the cave is “Dark™ (sensir PERES & PICARD 1964, HARMELIN ¢7 al.
1985). The sediment is muddy and the dead arcids on the bot-
tom must be assumed have fallen down from the surrounding
walls.

The fossil findings of A. magdalenae agree with a shatlow-
water distribution. The mollusc assemblage from Capo Milazzo
is referable to an infralittoral sandy bottom, sheltered by a Pos:-
donia “récif barriere” (see PERES & PICARD 1964: 55), from whi-
ch many mollusc shells became displaced to the sandy bottom.

Malacofaunistic observations from this bed, representing the
strato-type of the Milazzian stage (Late Pleistocene), were repor-
ted by RUGGIERI & GRECO (1965). The Milazzian stage is now
assumed as corresponding to the warm Tyrrhenian stage (PASINI
& Va1 19906). The depositional paleobiotope of Catallarga is
referred to a infra-circalittoral coarse bottom, swept by currents
and “collecting” biogenic clasts from the surrounding arcas (LA
PERNA in press a). The age is Early Pleistocene.

The sciaphilous habit is an outstanding ecological feature of
Asperarca. This is particularly obvious for the shallow-water
magdalenae, as pointed by its abundance in a dark cave. The
deep-shelf distribution of A. secrera and the deepening one of A.
nodilosa also fit this hypothesis. A cryptic habit, within crevices,
Posidonia rizhomes and algal beds can be also inferred for A.
magdalenae. Sciaphilous adaptations seem widespread among
arcids, often co-occurring with nestling habits. The shallow-
water Acar prlchella is frequently reported for Mediterranean
cave communities (CATTANEO & Russo 1987, BALDUZZI et al.
1989, D1 GERONIMO ¢t al. 1997).

The geographic and bathymetric distribution of A. nodilosa
points to a cold-temperate and eurybathic adaptation, rather
than a true deep-sea one. In this, the ecology of A. nodulosa is
markedly different from that of Bentharca aspera, a cold-water
and deep-sea species, which is absent from the Mediterranean
despite its world-wide distribution (KNUDSEN 1970). The cold
to temperate range of Asperarca is also different from that of
Acar and Barbatia, which are mainly restricted to shelf and
warm waters, showing a maximum diversity in the Caribbean,
Indo-Pacific and Panamic provinces (OLIVER & VON COSEL
1992b). It is also worth noting that the temperate geographic
distribution of “Bentharca” xenophoricola, and the bathymertric
one (50-500 m, NODA, 1988: 113), agree with the ecological
range of Asperarca.
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Prodissoconch morphology

In terms of the arcid size range, A. secreta and A. magdalenae
appear as small species, the latter being even miniaturized and,
probably, the smallest arcid so far known.

The peculiar prodissoconch morphology of both species is
probably related to their small size. Two prodissoconch types
can be recognized among the Mediterranean arcids. In the first
type (e.g. Arca tetragona), the larval shell is clearly demarcated
into prodissonch I and 11, typically indicating a planktotrophic
development. A. nodulosa (Pl. 3, Fig. 5) (as well as Barbatia bar-
bata and Acar pulchella) have ovate-roundish and polished pro-
dissoconchs, with a weakly developed prodissoconch 11, and a
somewhat pointed apex. The larval shell of A. secrera and A.
magdalenae (Pl. 3, Figs. 1-4) is markedly different from both
these types, being larger, D-shaped, matt and somewhat raised
from the surrounding shell. At SEM it is densely foveolate, with
a smoother marginal rim and a stepped metamorphic line. A
prominent apex also occurs in these larval shells. The large, D-
shaped, pitted and stepped prodissoconch reported by OLIVER &
CHESNEY (1994) for a rather small Arabian Acar seems to be clo-
sely comparable to this morphological type. The unusual cap-
shaped prodissoconch reported by KILBURN (1983) for a South
African Acar is also worth of being mentioned.

A planktotrophic development is generally known for arcids
(e.g. JORGENSEN 1946, JABLONSKI & LUTZ 1983), but the wide-
spread occurrence of non-planktotrophic development should be
also acknowledged. KNUDSEN (1970, 1979), suggested a leci-
trophic development in Bentharca asperula on account of egg and
prodissoconch size and KILBURN (1983) reported a brooding
habit in‘a South African Barbatia (Calloarca) species (whose pro-
dissoconch was said “flatly domed, ill-defined”). According to
OCKELMANN's observations (1965), the second type here descri-
bed should be referred to a lecitotrophic development with a
short planktonic stage. Conversely, the prodissoconch of A.
secreta and A. magdalenae might be refererred to a “direct” deve-
lopment (more correctly “intracapsular”, BOUCHET 1989),
taking place into the egg. A brood-protection can be also expec-
ted for these species. A body size reduction implies a lowering
in fecundity and a shifting from r- to K-strategy, owing to the
decreased energy and body volume suitable for egg production
(JABLONSKI & LUtz 1980, 1983; HANKEN & WAKE 1993). In
this regard, it is worth remarking that the miniaturized nucu-
loid Microgloma pusilla (Jeffreys) (ca. 1 mm) broods a single
young at a time (OCKELMANN & WAREN in press), whereas a
short free lecitotrophic development is typically known for stan-
dard-sized nuculoids.

The shifting from planktotrophy to non-planktotrophy is
probably more widespread among Arcacea than so far known,
and the occurrence of sibling species differing in the larval deve-
lopment (as well-known for gastropods: e.g. Lo PERNA 1997),
should be expected. OLIVER & ALLEN (1980) reported two pro-
dissoconch sizes in deep-sea Northeast Atlantic populations of
“Bentharca nodulosa”. They observed no other anatomical,
morphological or distributional differences, concluding that
two developmental types (lecitotrophic and direct) or different
larval stage durations occur in the same species.

Concluding remarks

The present study leads to a more composite systematic and
evolutionary view of the European arcids. Asperarca seemingly
radiated during the late Tertiary and some morphological and
ecological features may lead to see Asperarca as a temperate-cold
lineage from Acar. The deep-sea radiation of Bentharca from
Asperarca may be also a working hypothesis. The apparently clo-
se Western Pacific “Bentharca” xenophoricola may indicate a
disjunction in the original distribution of Asperarca, due to the
suppression of Mesogea, as recently remarked for the nuculoid
genus _Jupiteria (LA PERNA in press, b).

Due to its wide and temperate to cold thermal range, as well
as to its sciaphily, Asperarca is able to spread well beyond the
shelf, without being, however, a deep-sea genus. Further, body
size reduction might be seen as an adaptive trend to cryptic
habits.

Acknowledgements

I am indebted to Prof I. Di Geronimo, who made available the
material from Calvi and to Mr R. Leonardi, who supported
exploration and sampling in the Gymnasium Cave. I am also
grateful to Prof I. Di Geronimo, Prof. G. Pavia and Dr. A.
Warén for suggestions and critical comments. Two anonymous
referees reviewed an earlier version of the present paper. Mr O.
Torrisi supplied a kind assistance at SEM.

Work supported by M.U.R.S.T. Grants (40%).

REFERENCES

BaLpuzzi A., BiaNcHI C.N., BoEro F., CATTANEO VIETTI R.,
PANSINT M. & SARA M., 1989 - The suspension-feeder
communities of a Mediterranean sea cave. Ros J.D. (Ed.),
Topics in Marine Biology. Sczentia Marina; 53 (2-3):
387-395.

BARRIER P., D1 GERONIMO I., LA PERNA R., ROSSO A., SANFILIP-
PO R. & ZiBROWIUS H., 1996 - Taphonomy of deep-sea
hard and soft bottom communities: the Pleistocene of
Lazzaro (Southern Italy).

G. MELENDEZ HEVIA ET AL. (Eds.), IT Reunién de Tafonomia y
fosilizacién (Zaragoza, 1996), Institucién “Fernando el
Catolico”: 39-46.

BOUCHET P., 1989 - A review of poecilogony in gastropods. J.
Moll. Stud.; 55: 67-78.

CATTANEO VIETTI R. & RUsso G.F., 1987 - Molluscs from a
submarine caves of the Sorrentine Peninsula (Southern
Tyrrhenian Sea). Stygologia; 3: 138-148.

DAUTZENBERG P. & FIsCHER H., 1897 - Dragages effectués par
I'Hirondelle et par la Princesse-Alice, 1888-1896. Méu. Soc.
Zool. France; 10: 139-234,

D1 GERONIMO 1., 1979 - Il Pleistocene in facies batiale di Valle
Palione (Grammichele, Catania). Bol/l. Malac.; 15: 85-
156.

D1 GERONIMO I., FALCONETTI C. & FREDJ G., 1977 - Quelques
aspects et problémes posés par la faune malacologique

>16 <



The genus Asperaca in the Mediterranean

PLATE 3
Fig. 1, 2 - Asperarca magdalenae. Prodissoconch: general view (1) and detail of a marginal area (2). Scale bars = 50 pm (1) and 20 pm (2). Fig. 3, 4 -
Asperarca secreta. Prodissoconch: general view (3) and detail of a marginal area (4). Scale bars = S0 pm (3) and 20 pm (4). Fig. 5 - Asperarca nodulosa. Pro-

dissoconch. Scale bar = 50 pm.

>17<



=

Rafael La Perna

Lo 4

des fonds a Gryphus vitrens (Born). Rapp. Comm. int. Mer
Médir.; 24(4): 137-139.

D1 GERONIMO 1., ALLEGRI L., IMPROTA S., LA PERNA R., ROssO
A., SANFILIPPO R., 1997 - Observations on benthic tha-
natocoenoses from a Mediterranean infralittoral cave.
Riv. Ital. Paleont. Strar.; 103: 15-28.

FALCONETTI C., 1980 - Bionomie benthique des fonds situés a la
limite du plateau continental du Banc du Magaud (Iles
d’Hyeres) et de la région de Calvi (Corse). Doctorate
Thesis, Université de Nice: 287 pp. (unpublished).

HANKEN J. & WAKE D.B., 1993 - Miniaturization of body size:
organismal consequences and evolutionary significance.
Ann. Rev. Ecol. Syst.; 24: 501-519.

HARMELIN J.-G., VACELET J. & VASSEUR P., 1985 - Les grottes
sous-marines obscures: un milieu extréme et un remar-
quable biotope refuge. Téthys; 11(3-4): 214-229.

JABLONSKI D. & Lutz R.A., 1980 - Larval shell morphology:
ecological and paleontological applications. Rhoads D.C.
& Lurz R.A. (Eds.), Skeletal Growth of Aquatic Organi-
sms. Plenum Press, New York: 323-377.

JABLONSKI D. & LuTz R.A., 1983 - Larval ecology of marine
benthic invertebrates: paleobiological implications. Bzol.
Rev.; 58: 21-89.

JORGENSEN C.B., 1946 - Bivalves. In Thorson G., Reproduction
and larval development of Danish marine bottom inver-
tebrates, with special reference to the planktonic larvae
in the Sound (Dresund). Meddelelser fra Kommissionen for
Danmarks Fiskeri- og Havundersogelser, serie Plankron; 4
(1): 277-311.

KILBURN R.N., 1983 - The Recent Arcidae (Mollusca: Bivalvia)
of southern Africa and Mozambique. Ann. Natal. Mus.;
25(2): 511-548.

KNUDSEN J., 1970 - The systematics and biology of abyssal and
hadal Bivalvia. Galathea Rep.; 11: 1-236.

KNUDSEN J., 1979 - Deep-sea bivalves. Van der Spoel S., Van
Bruggen A.C. & Lever J. (Eds.), Pathways in Malaco-
logy. Scheltema & Holkema, Utrecht: 195-224.

LA PERNA R., 1994 - Malacofaune batiali del Quaternario del
Mediterraneo: aspetti paleoecologici e paleobiogeografi-
ci. Doctorate Thesis, University of Messina, 120 pp.
(unpublished).

LA PERNA R., 1996 a - Preromeris jozinae VAN AARTSEN, 1985
(Bivalvia, Carditidae) from the Lower Pleistocene of
Sicily. Boll. Malacologico, Milano, 32 (1-4): 1-6.

La PERNA R., in press (b) - Revision of Leda erctensis Brugnone,
1876, Leda striatella Ponzi, 1876, Leda trigona Seguenza,
1877, Leda gibba Seguenza, 1877, with taxonomic and
biogeographic comments on Jupiteria Bellardi, 1875
(Bivalvia, Protobranchia). Bo/l. Acc. Gioenia Sc. Nat.,
Carania.

LA PERNA R., 1996 - Phyletic relationships and ecological
implications between Pagodiula vaginata (De Cristofori &
Jan, 1832) and Pagodula echinata (Kiener, 1840). Boll.
Soc. Paleont. 1t.; 35: 81-92.

LEONARDI R., 1994 - Contributo alla conoscenza delle grotte
sommerse della Penisola della Maddalena (SR). Bo//. Acc.
Glivenia Sci. Nat., Catania; 27(348): 599-620.

NEWELL N.D., 1969 - Superfamily Arcacea Lamarck, 1809.
Moore R.C. (Ed.), Treatise on Invertebrate Paleontology,
Part N, Mollusca 6, Bivalvia, vol. 3. Boulder, Univ.
Kansas Press: 250-269.

Noba H., 1988 - Neogene Arcoids (Mollusca; Bivalvia) from
the Ryukyu Islands, Southwest Japan. Grant-Mackie
J.A., Masuda K., Mori K. & Ogasawara K. (Eds.), Saito
Ho-on Kai Spec. Pub. (Prof. T. Kotaka Commem. Vol.):
107-127.

OCKELMANN K.W., 1965 - Developmental types in marine
bivalves and their distribution along the Atlantic coast
of Europe. Cox L. R. & Peake J.F. (Eds.), Proc. I Europ.
Malac. Congr., London (1962): 25-35.

OCKELMANN K.W. & WAREN A., in press - Taxonomy and bio-
logical notes on the bivalve genus Microgloma and com-
ments on protobranch nomenclature. Ophelia.

OLIVER P.G. & ALLEN J.A., 1980 - The functional and adaptive
morphology of the deep-sea species of the Arcacea (Mol-
lusca: Bivalvia) from the Atlantic. Phil. Trans. R. Soc.,
London; 291: 45-76.

OLIVER P.G. & CHESNEY H.C.G., 1994 - Taxonomy of Arabian
bivalves. Part 1. Arcoida. J. Conch., Lond.; 35: 17-31.

OLIVER P.G. & VON CostiL R., 1992a - Taxonomy of tropical
West African bivalves. IV. Arcidae. Bull. Mus. natl. Hist.
nat., Paris, 4e sér.; 14, 1992, A (2): 293-381.

OLIVER P.G. & VON COsEL R., 1992b - Taxonomy of tropical
West African bivalves. V. Noetidae. Bull. Mus. natl.
Hist. nat., Paris, 4e sér.; 14, 1992, A (3-4): 655-691.

PASINI G. & Va1 G.B., 1996 - Milazziano. Vai G.B. (Ed.), Revi-
sione critico-storica dei piani marini del Quaternario.
Serv. Geol. 1t., Miscellanea; 6: 39-41.

PERES J.M. & PICARD J., 1964 - Nouveau manuel de Bionomie
bentique de la mer Méditerranée. Rec. Trav. St. Mar.
Endoume; 31(Bull. 47): 1-137.

RUGGIERI G. & GRECO A., 1965 - Studi geologici e paleontolo-
gici su Capo Milazzo con particolare riguardo al Milaz-
ziano. Geol. Romana; 4. 41-88.

Sacco F., 1898 (“Dicembre”) - I Molluschi dei terreni terziarii
del Piemonte e della Liguria. Parte 26. Clausen, Torino:
92 pp.

Lavoro accettato il 21 Agosto 1997

>18<



